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LITZENDRAHT LOOPANTENNA AND 
ASSOCATED METHODS 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of anten 
nas, and more particularly, this invention relates to loop 
antennas with increased gain and related methods. 

BACKGROUND OF THE INVENTION 

0002 Newer designs and manufacturing techniques have 
driven electronic components to Small dimensions and min 
iaturized many communication devices and Systems. Unfor 
tunately, antennas have not been reduced in Size at a 
comparative level and often are one of the larger compo 
nents used in a Smaller communications device. In those 
communication applications at below 6 GHz frequencies, 
the antennas become increasingly larger. At Very low fre 
quencies, for example, used by Submarines or other low 
frequency communication Systems, the antennas become 
very large, which can be unacceptable. It becomes increas 
ingly important in these communication applications to 
reduce not only antenna Size, but also to design and manu 
facture a reduced size antenna having a relatively high gain 
for a relatively Small area. 

0003. In present day communications devices, many dif 
ferent types of patch antennas, loaded whips, copper wind 
ings (helix and spiral) and dipoles are used in a variety of 
different ways. These antennas, however, are Sometimes 
large and impractical for a specific application. 

0004 Printed circuit or microstrip patch antennas can be 
manufactured at low costs and have been developed as 
antennas for the mobile communication field. The flat 
antenna or thin antenna is configured, for example, by 
disposing a patch conductor cut to a predetermined size over 
a grounded conductive plate through a dielectric material. 
This structure allows an antenna with high efficiency in a 
several GHz frequency band to be fabricated in a relatively 
Simple structure. Such an antenna can be easily mounted to 
appliances, Such as a printed circuit board (PCB). 

0005 Loop antennas are another form of small antenna. 
They can be formed of copper rod or tubing bent into a 
circle. Low operating frequencies can be accomplished by 
placing a loading capacitor at a discontinuity in the loop 
ring. At lower and lower frequencies however, the radiation 
resistance of the loop becomes less than the conductor loSS 
resistance, and low radiation efficiency and gain results. 
Metals exhibit finite conductivities at room temperature, and 
conductor loSS resistance is a fundamental limitation to the 
gain and efficiency of Small antennas. 

0006. However, none of these approaches focuses on 
reducing the Size of the antenna, by providing increasing 
efficiency and gain in a Smaller area. Furthermore, antennas 
with Solid metal conductors Suffer from RF skin effect which 
is a tendency for alternating current (AC) to flow mostly 
near the outer Surface of a Solid electrical conductor as the 
frequency increases. RF skin effect greatly reduces the 
useful amount of conductor croSS Section, e.g. in a loading 
coil wire or loop antenna ring. RF Skin effect is a limitation 
to the gain and efficiency of Small antennas. 
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SUMMARY OF THE INVENTION 

0007. In view of the foregoing background, it is therefore 
an object of the present invention to provide an antenna with 
reduced RF skin effect and increased radiation efficiency and 
gain. 
0008. This and other objects, features, and advantages in 
accordance with the present invention are provided by an 
antenna including a Litz wire loop having a plurality of 
wires braided together and a plurality of Splices therein to 
define distributed capacitors. A feed loop is provided adja 
cent or within the Litz wire loop and is preferably magneti 
cally coupled thereto. A feed Structure, Such as a coaxial 
transmission line, is connected to and feeds the feed loop. 
The plurality of wire are preferably individually insulated 
wires, and the Litz wire construction may be braided and/or 
twisted. The litz wire may be served or unserved. 
0009. An outer shield, such as a coaxial electrostatic 
Shield, may Surround the electrically conductive loop. The 
plurality of wires may include a plurality of groups of wires, 
the wires in a group being braided or twisted together, and 
the plurality of groups being braided or twisted together. The 
plurality of wires may comprise about 1700-1900 strands of 
insulated #37-39 AWG (American Wire Gauge) wire. In 
another instance, the plurality of wires may comprise 32,000 
Strands of iS2 AWG wire. 

0010. Other objects, features, and advantages in accor 
dance with the present invention are provided by a method 
of making an antenna including forming a Litz wire loop 
having a plurality of wires braided or twisted together, and 
providing distributed capacitors by forming a plurality of 
Splices in the Litz wire loop. The method includes providing 
a feed loop within the electrically conductive loop, and 
forming a feed structure to feed the feed loop. The method 
may also include tuning the frequency of the electrically 
conductive loop by breaking or connecting Selected wires of 
the plurality of wires. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a schematic diagram of a loop antenna 
having a Single Solid conductor as in the prior art. 
0012 FIG. 2 is a schematic diagram illustrating the Rf 
skin effect in the Single Solid conductor of the antenna of 
FIG. 1. 

0013 FIG. 3 is a schematic diagram of an antenna in 
accordance with the present invention. 
0014 FIG. 4 is a cross-sectional view of the Litz wire 
conductive loop of the antenna of FIG. 3. 
0015 FIG. 5 is a schematic diagram of another embodi 
ment of an antenna in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0016. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
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complete, and will fully convey the Scope of the invention 
to those skilled in the art. Like numbers refer to like 
elements throughout, and prime notation is used to indicate 
Similar elements in alternative embodiments. 

0017 Referring initially to FIG. 1, a conventional loop 
antenna 10 will be described. The loop antenna 10 has a 
Solid metal conductor 12 and feed structure 14. As described 
above, and further illustrated in FIG. 2, Solid metal con 
ductors suffer from RF skin effect which is a tendency for 
current to flow mostly near the outer Surface of a Solid 
electrical conductor as the frequency increases. At DC, the 
effective conductive area of a 0.29 inch diameter Solid 
conductor, for example, is about 0.066 Square inches. The 
entire cross section of the Solid conductor is useful at DC. At 
radio frequencies and in copper, one skin depth at 6 Mhz=1.8 
Mils, which results in an effective conductive area for RF 
Signals of approximately 0.002 Square inches which is about 
72x leSS than the actual cross-sectional area of the Solid 
conductor. This results in a non-efficient antenna. For 
example, 18 dB of gain loss can be attributed to RF skin 
effect. 

0018 With reference to FIGS. 3 and 4, an embodiment 
of the antenna 20 in accordance with the present invention 
will be described. The antenna 20 includes a Litz wire loop 
22. The term Litz wire is derived from the German word 
Litzendraht (or Litzendraught) meaning woven or “lace” 
wire. Generally defined, it is a wire constructed of individual 
film insulated wires bunched and twisted or braided together 
in a uniform pattern. Litz wire construction is designed to 
minimize or reduce the power losses exhibited in Solid 
conductors due to the skin effect, which, as mentioned, is the 
tendency of radio frequency current to be concentrated at the 
Surface of the conductor. Litz constructions counteract this 
effect because each Strand occupies all possible positions in 
the cable, which equalizes the flux linkages. This allows 
current to flow throughout the croSS Section of the cable. 
Generally Speaking, constructions composed of many 
Strands of finer wires are best for the higher frequency 
applications, with Strand diameters of 1 to 2 Skin depths 
being particularly efficient. 
0.019 When choosing a Litz wire for a given application, 
there are a number of important Specifications to consider 
which will affect the performance of the wire. These speci 
fications include the number of wire strands wound into the 
Litz wire, the frequency range of the wire, the Size of the 
strands (generally expressed in AWG-American Wire 
Gauge), the resistance of the wire, its weight, and its shape 
(generally, either round, rectangular or braided). 
0020 Various Litz wire constructions are useful. In the 
Litz wire loop 22, type 4 and type 2 constructions are 
illustrated. The invention is not so limited however, and any 
of the various Litz wire constructions may be used. For 
instance, the bundles may be braided, and the cable twisted. 
In other instances, braiding or twisting may be used through 
Out. 

0021 Litz wire may be served or unserved. Served sim 
ply means that the entire Litz construction is wrapped with 
a nylon textile, polyurethane, or yarn for added Strength and 
protection. Unserved wires have no wrapping or insulation. 
In either case, additional tapes or insulations may be used to 
help Secure the Litz wire and protect against electrical 
interference. Polyurethane is the film most often used for 
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insulating individual Strands because of its low electrical 
losses and its Solderability. Other insulations can also be 
used. 

0022 Typical applications for Litz wire conductors 
include high-frequency inductors and transformers, variom 
eters, inverters, power Supplies, DC/DC converters, com 
munications equipment, ultra-Sonic equipment, Sonar equip 
ment, magnetic resonance imaging equipment, and heat 
induction equipment. 

0023. As shown in the embodiment of FIGS. 3 and 4, the 
Litz wire loop 22 has a plurality of wires 30 braided together 
and a plurality of splices 24 in the Litz wire to define 
distributed capacitors therein. The Splices 24 are preferably 
an electrical discontinuity in the Litz wire loop 22 with the 
respective portions being mechanically aligned and held in 
position. A magnetically coupled feed loop 26 is provided 
within the Litz wire loop 22, and a feed structure 28, such 
as a coaxial feed line, feeds the magnetically coupled feed 
loop. The inner magnetically coupled feed loop 26 acts as a 
broadband coupler and is non-resonant. The outer electri 
cally conductive Litz wire loop is resonant and radiates. The 
feed loop 26 may also be in other positions adjacent the Litz 
wire loop 22 as will be appreciated by those skilled in the art. 
0024. The plurality of wires 30 are preferably individu 
ally insulated wires, Such as Single film-insulated wire Strand 
with an Outer insulation 32 of textile yarn, tape or extruded 
compounds to form an insulated bundle 33. Dielectric 
strands, 31, may be included with the plurality of wires 30. 
Groups 35 of insulated bundles 33 may be braided or twisted 
together and include an outer insulation 34. The groups 35 
may also be braided or twisted together to define the Litz 
wire loop 22 with a further outer insulation 36. In a preferred 
embodiment, the Litz wire includes about 1700-1900 strands 
of insulated wire between about #36 and #40 AWG (Ameri 
can Wire Gauge), and more preferably about 1800 strands of 
insulated i38 AWG wire. 

0025 Common magnet wire film insulations such as 
polyvinylformal, polyurethane, polyurethane/Nylon, Solder 
able polyester, Solderable polyester/Nylon, polyester/polya 
mide-imide, and polyimide are normally used. The outer 
insulation and the insulation on the component conductors, 
in Some Styles, may be Servings or braids of Nylon, cotton, 
Nomex, fiberglass or ceramic. Polyester, heat Sealed poly 
ester, polyimide, and PTFE tape wraps along with extrusions 
of most thermoplastics are also available as outer insulation 
if the applications dictate Special requirements for Voltage 
breakdown or environmental protection. 
0026. Many conductive materials can form the various 
strands 30. For instance, iron and steel wire strands may be 
used, and insulated efficiently with black oxide insulation 
formed from immersion of the bare wire in phosphoric acid. 
The Skin depth in the permeable conductive materials is 
reduced by (u)'. 
0027. The Litz wire loop 22 includes the splices 24 as 
capacitive elements or a tuning feature for forcing/tuning the 
Litz wire loop to resonance. Additionally, the frequency of 
the antenna 20 may be tuned by breaking and/or connecting 
various strands 30 in the Litz wire loop 22. Furthermore, the 
feed structure 28 is preferably as a coaxial feed line, for 
example a 50 ohm coaxial cable, to feed the antenna 20, as 
would be appreciated by the skilled artisan. 
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0028. Also, with reference to the embodiment illustrated 
in FIG. 5, an outer shield loop 40 may surround the Litz wire 
loop 22 and be spaced therefrom. The outer shield loop 40 
and the Litz wire loop 22 both radiate and act as differential 
type loading capacitors to each other. The distributed capaci 
tance between the outer shield loop 40 and the Litz wire loop 
22 Stabilizes tuning by Shielding electromagnetic fields from 
adjacent dielectrics, people, Structures, etc. 
0029. A method aspect of the present invention is 
directed to making an antenna 20 and includes forming a 
Litz wire loop 22 having a plurality of wires 30 braided 
together, and providing distributed capacitors by forming a 
plurality of splices 24 in the Litz wire loop. The method 
includes providing a magnetically coupled feed loop 26 
within the electrically conductive Litz wire loop 22, and 
forming a feed Structure 28 to feed the magnetically coupled 
feed loop. 
0030 The method may also include tuning the frequency 
of the loop 22 by breaking and connecting selected wires 30 
of the plurality of wires. For example, the operating fre 
quency of a given litz wire loop construction is first deter 
mined by measuring the lowest resonant frequency at the 
coupled feed loop 26. The operating frequency of the litz 
wire loop may then be finely adjusted upwards by randomly 
breaking Strands throughout the Litz wire loop. The oper 
ating frequency of the Litz wire loop is constantly monitored 
at the coupled feed loop 26 to determine when the desired 
operating frequency is reached. The operating frequency 
may be adjusted downwards by reconnecting the broken 
Strands. 

0031. The Litz wire loop 22 may be formed in many 
ways. In one manual technique, multiple long Splices are 
made, of individual wire bundles, as is common in the art of 
making continuous rope Slings. One bundle is unraveled 
from the cable, and then another bundle laid into the void left 
by the previous bundle. The end locations of the multiple 
wire bundles are Staggered around the circumference of the 
Litz wire loop 22. A core 38, shaped into a circular ring and 
made of dielectric, can be used as a form for the Litz wire 
loop 22. 
0.032 The Litz wire loop 22 forms a resonant metallic 
microStructure. Resonance is provided by Self inductance in 
the individual wire Strands and the distributed capacitance 
between the Strands. The mode is Series resonance at the 
fundamental frequency. 
0033. In operation, the magnetically coupled feed loop 26 
acts as a transformer primary to the Litz wire loop 22, which 
acts as a resonant Secondary, by mutual inductance of the 
radial magnetic near fields passing through he loop planes. 
The nature of this coupling is broadband. 
0034. In high power operation, and to prevent corona 
discharge, it has been found advantageous to insulate the 
ends of the plurality of wires 30 where they are broken for 
Splices or tuning adjustments. In one instance, polystyrene 
has been dissolved in toluene and applied as a paint. The 
invention may also, for example, be operated in a vacuum or 
high dielectric gas, Such as Freon 12 or Sulfur hexafluoride. 
0035. Many modifications and other embodiments of the 
invention will come to the mind of one skilled in the art 
having the benefit of the teachings presented in the forego 
ing descriptions and the associated drawings. Therefore, it is 
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understood that the invention is not to be limited to the 
Specific embodiments disclosed, and that modifications and 
embodiments are intended to be included within the scope of 
the appended claims. 

That which is claimed is: 
1. An antenna comprising: 
a Litz wire loop including a plurality of wires braided or 

twisted together and having a plurality of Splices 
therein to define distributed capacitors, 

a feed loop adjacent the Litz wire loop; and 
a feed Structure connected to the feed loop. 
2. The antenna according to claim 1 wherein the plurality 

of wires comprises a plurality of individually insulated 
wires. 

3. The antenna according to claim 1 wherein the Litz wire 
loop further comprises a plurality of dielectric Strands 
braided or twisted with the plurality of wires. 

4. The antenna according to claim 1 wherein the Litz wire 
loop further comprises an inner dielectric core with the 
plurality of wires positioned therearound. 

5. The antenna according to claim 1 wherein the Litz wire 
loop comprises Served Litz wire. 

6. The antenna according to claim 1 wherein the Litz wire 
loop comprises unserved Litz wire. 

7. The antenna according to claim 1 wherein the feed 
Structure comprises a coaxial feed line. 

8. The antenna according to claim 1 further comprising a 
coaxial electroStatic shield Surrounding the Litz wire loop. 

9. The antenna according to claim 1 wherein the feed loop 
is within the Litz wire loop and magnetically coupled 
thereto. 

10. The antenna according to claim 1 wherein the plurality 
of wires comprises a plurality of groups of wires, the wires 
in a group being braided or twisted together, and the 
plurality of groups being braided or twisted together. 

11. The antenna according to claim 1 wherein the plurality 
of wires comprises about 1700-1900 strands of insulated 
wire between about #36 and #40 AWG (American Wire 
Gauge). 

12. An antenna comprising: 
a Litz wire loop including a plurality of Splices therein; 
a magnetically coupled feed loop within the Litz wire 

loop; 

a coaxial electrostatic Shield Surrounding the Litz wire 
loop; and 

a feed Structure to feed the magnetically coupled feed 
loop. 

13. The antenna according to claim 12 wherein the Litz 
wire loop comprises a plurality of individually insulated 
wires braided or twisted together. 

14. The antenna according to claim 13 wherein the Litz 
wire loop comprises Served Litz wire. 

15. The antenna according to claim 13 wherein the Litz 
wire loop comprises unserved Litz wire. 

16. The antenna according to claim 12 wherein the feed 
Structure comprises a coaxial feed line. 

17. The antenna according to claim 12 wherein the 
plurality of splices in the Litz wire loop define distributed 
capacitors therein. 
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18. The antenna according to claim 12 wherein the Litz 
wire comprises a plurality of groups of wires, the wires in a 
group being braided or twisted together, and the plurality of 
groups being braided or twisted together. 

19. The antenna according to claim 12 wherein the Litz 
wire comprises about 1700-1900 strands of insulated wire 
between about #36 and #40 AWG (American Wire Gauge). 

20. A method of making an antenna comprising: 
forming a Litz wire loop including a plurality of wires 

braided or twisted together; 
providing distributed capacitors by forming a plurality of 

Splices in the Litz wire loop; 
providing a feed loop adjacent the Litz wire loop; and 
connecting a feed Structure to the feed loop. 
21. The method according to claim 20 further comprising 

tuning the frequency of the electrically conductive loop by 
at least one of breaking and connecting Selected wires of the 
plurality of wires. 

22. The method according to claim 20 wherein the plu 
rality of wires comprises a plurality of individually insulated 
wires. 

23. The method according to claim 22 wherein the Litz 
wire comprises Served Litz wire. 

24. The method according to claim 22 wherein the Litz 
wire comprises unserved Litz wire. 

25. The method according to claim 20 wherein the feed 
Structure comprises a coaxial feed line. 

26. The method according to claim 20 further comprising 
Surrounding the electrically conductive loop with an outer 
shield. 
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27. The method according to claim 26 wherein the outer 
Shield comprises a coaxial electroStatic shield. 

28. The method according to claim 20 wherein the plu 
rality of wires comprises a plurality of groups of wires, the 
wires in a group being braided or twisted together, and the 
plurality of groups being braided or twisted together. 

29. The antenna according to claim 20 wherein the 
plurality of wires comprises about 1800 strands of enameled 
#38 AWG (American Wire Gauge) wire. 

30. A conductive Structure comprising: 
a Litz wire loop including a plurality of wires braided or 

twisted together and having a plurality of Splices 
therein to define distributed capacitors, and 

at least one coupling loop adjacent the Litz wire loop. 
31. The conductive structure according to claim 30 

wherein the at least one coupling loop is within the Litz wire 
loop and magnetically coupled thereto. 

32. The conductive structure according to claim 30 
wherein the plurality of wires comprises a plurality of 
individually insulated wires. 

33. The conductive structure according to claim 30 
wherein the Litz wire loop further comprises a plurality of 
dielectric strands braided or twisted with the plurality of 
wires. 

34. The conductive structure according to claim 30 
wherein the Litz wire loop further comprises an inner 
dielectric core with the plurality of wires positioned there 
around. 


